In this study, we identified the small GTPase Rab25 as a key player in the invasion and metastasis in head and neck squamous cell carcinoma (HNSCC). Prompted by the observation that Rab25 is downregulated at the protein level in HNSCC patients, we exploited a recently developed xenograft model in the tongue of immunocompromised mice to further elucidate its role in HNSCC. Strikingly, we observed that re-expression of Rab25 is sufficient to block invasion and metastasis to locoregional lymph nodes. Moreover, by using high-resolution intravital microscopy and immunofluorescence in a 3D model, we determined that Rab25 expression affects cell migration by altering the actin cytoskeleton arrangement at the cell surface, rather than affecting cell proliferation, apoptosis or tumor angiogenesis.
Introduction
The term head and neck cancer encompasses a series of cancers that arise from the oral and nasal cavity, salivary glands, paranasal sinuses, oropharynx, hypopharynx and larynx. More than 90% of these cancers are squamous cell carcinomas (SCC), which originate from the squamous mucosa lining the upper aerodigestive tract (1) . Head and neck squamous cell carcinoma (HNSCC) is very aggressive and often invades the cervical lymph nodes and metastasizes to distant sites. Distant metastasis can adversely impact survival and significantly affect treatment planning. The combination of conventional surgery or radiotherapy and chemotherapy is still the treatment of choice for HNSCC patients (2) . However, the five-year survival rate (50%) of these patients has not improved in the past three decades (3) . Advancing our understanding of the molecular mechanisms regulating tumor invasion and metastasis for HNSCC may lead to more effective treatment options.
Invasion and metastasis are the result of a complex interplay of multiple processes including: angiogenesis of lymphatic and blood vessel, loss of cell polarity, loss of cellcell contact, extracellular matrix breakdown mediated by specific metalloproteases, remodeling of the actin cytoskeleton, and tumor proliferation at the secondary sites (4, 5) .
Rab25 in head and neck cancer metastasis 7 regulates tumor invasiveness and mediates recycling of α5β1-integrin to the plasma membrane from a late endosomal compartment (5) . Though the mechanism remains unclear, these pieces of evidence strongly implicate Rab25 in tumor development, progression and aggressiveness.
In this study, we investigated the role of Rab25 and its regulation in HNSCC.
First, we determined the Rab25 status in normal oral mucosa and HNSCC tissues of differing grade and stage. Next, we used a lentiviral expression system to modify Rab25 expression in SCC cells to study pathological functions of tumor cells. Finally, we investigated the role of Rab25 in tumor development and progression by using a combination of intravital two-photon microscopy and immunohistochemistry in a mouse model of oral cancer.
Materials and methods

Cells lines
Human cancer cell lines HN12, HeLa-O3, Cal27, UMCCC2 and UMSCC17B maintained as previously described (24) in Dulbecco's Modified Eagle's Media supplemented with 10% FBS, at 37°C in 95% air/5% CO 2 . ORL48 (25) 
Tissue arrays immunohistochemistry (IHC)
Oral cavity squamous cell carcinoma and normal tissues high-density tissue microarray with grade and TNM (stage) (69 cases/208 cores, #OR 208) were purchased from US BioMax Inc. (Rockville, MD) and used for IHC. The formalin-fixed paraffinembedded tumor tissue array slides were first deparaffinized in 100% xylene. The slides were hydrated through a series of graded alcohols (100%, 95%, 80% and 70%) for 5 minutes each, washed once in H 2 O for 5 minutes, incubated in sodium citrate buffer (pH6.0) for 2 minutes in microwave at full power, and then for 20 minutes at 10% power to unmask the antigen. The slides were then incubated in: 1) 3% hydrogen peroxide at room temperature for 10 minutes to quench endogenous peroxidase activity; 2) blocking serum (2% bovine serum albumin in PBS-1% Tween 20) for 1 hour; and 3) primary antibody in blocking buffer overnight at 4°C. The slides were washed in PBS three times, Rab25 in head and neck cancer metastasis incubated with a biotin-conjugated secondary antibody (1:400 dilution) at room temperature for 30 minutes followed by the ABC complex (Vector Stain Elite, ABC kit, Vector Laboratories) for 30 min at room temperature. The slides were washed and developed in 3,3′-diaminobenzidine (Sigma FASTDAB tablet, Sigma Chemical) under microscopic observation. The reaction was stopped in tap water and the tissues were counterstained with Mayer's hematoxylin, dehydrated, and mounted. The images were taken using Scanscope (Aperio, Vista, CA). The evaluation of the IHC was conducted blindly by AM and PA. The whole tissue array slides were examined and classified based on the staining intensity (1, weak staining; 2, moderate staining; and 3, strong staining) and the percentage of positive cells quantified as previously described (0, <10% of stained cells; 1, 10%-25%; 2, 25%-50%; 3, 50-75%; and 4, 75-100% of cells stained) (28, 29) .
Three-dimensional collagen-matrix invasion assay Collagen gels (rat tail collagen type I, BD Bioscience, Bedford, MA) were prepared in serum free DMEM at a final concentration of 2.0 mg/ml and added (500 μl volume) to transwell inserts (0.4 μm polycarbonated membrane) of 12-well plates (Costar, Corning, NY). Collagen was allowed to polymerize and equilibrate in culture incubator for 2h. After, 200 μl of serum-free media containing 0.4x10 6 tumor cells were added to each well. Serum-containing, serum-free media without or with 10 ng/ml Epidermal growth factor (EGF) were added into the bottom wells. When needed, inhibitors of the actin cytoskeleton were added in the transwell insert at the beginning of assay (1 µM Latrunculin A and 10 µm Cytochalasin D). Cells were allowed to invade in the 3D collagen gels for 8 h. Culture media was removed and the gels containing the tumor cells and analyzed using a confocal microscope, as described below.
Tongue tumor imaging with two-photon (TPM) and confocal microscopy Mice were anesthetized by intraperitoneal injections of ketamine (10 mg/kg) and xylazine (100 mg/kg). The animals were placed on a preheated stage with the mouth open and the tongue gently retracted using non-tooth forceps. The tongue was hold in a custom-made holder, secured with a glass coverslip (Fig. 4A) . The preheated stage was moved close to the objective of a two-photon microscope and the body temperature was maintained at 37-38˚C with a heated pad (Kent Scientific, Torrington, CT).
An inverted confocal microscope (model IX81, Olympus America, Center Valley, PA) was modified to perform TPM, as previously described (30) . As a laser source, a tunable Ti:sapphire femtosecond laser (Chameleon Ultra II, Coherent Laser Group, Santa Clara, CA) was used, and the power was modulated using a combination of neutral density filters (Chroma Technology, Rockingham, VT Rab25 in head and neck cancer metastasis
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Technologies, Stewartstown, PA) was used to modulate the size of the beam that was then directed into a scanning head (Fluoview 1000, Olympus America). The emitted signal was aimed into a custom-made set of three non-descanned detectors (LSM Technologies). Two dichroic mirrors and the barrier filters were purchased from Chroma Technology, and three cooled photo multipliers (PMTs) were purchased from Hamamatsu (Bridgewater, NJ). The first PMT (510-nm dichroic mirror, 400-to 480-nm barrier filter) detected the endogenous fluorescence and the second harmonic signal. GFP, venus and Alexa 488 signal were detected with the second PMT (570-nm dichroic mirror, 505-to 560-nm barrier filter). TagRFP and Alexa 594 were detected on the third PMT (590-to 650-nm barrier filter). For time-lapse imaging of the live animals, the acquisition speed was set to 0.3 frames/s. All images and movies were acquired using a UPLSAPO x60, numerical aperture (NA) 1.2, a XLUMPFL20XW x20, NA 0.95 and a XLPlanN x25, NA 1.05 water immersion objectives (Olympus America).
Image processing
The image background noise was reduced by applying a 2 x 2 pixel lowpass filter to each image for one or two rounds using Metamorph software (Molecular Devices).
Brightness, contrast, and gamma correction were applied. For the movies, the alignment of each frame was adjusted using ImageJ (W. Rasband, National Institutes of Health) with Stackreg plug-in. Volume rendering was performed using Imaris 7. In vitro wound scratch assay Tumor cells were seeded uniformly (2×10 5 cells/well) onto a silicone culture insert (Ibidi, Verona, WI) and grown to 100% confluence as described by the manufacturer. After 24 hours, the inserts were removed. Images of the wounds were acquired 0, 3, 6, 9, and 12 h after the onset by a microscope (Olympus,) equipped with a CCD camera. The wound closure distance was measured and reported.
Cell cycle analysis
Cell cycle analysis was performed as described (24) . Briefly, cells were harvested in DMEM with 1% fetal bovine serum, fixed in 70% ethanol, and stained with 50 μg/mL of propidium iodide and 0.1 μg/mL of RNaseA in PBS. DNA content of cells was quantified on a Becton Dickinson FACScan and analyzed using Cell Quest software (Immunocytometry system; Becton Dickinson).
Tumor microvessel density analysis Tumor microvessels were identified by CD31 and Lyve1 immunofluorescent staining of blood and lymphatic vessels, respectively. Images were captured from random areas in each section and morphometric analysis was performed using the Immunofluorescence analysis for tumor cell proliferation and apoptosis.
Tumor cell proliferation and apoptosis was estimated by using anti Ki67 and cleaved caspase-3 antibody respectively. Images were captured from at least five different areas in each tissue slide. After adjusting the fluorescent signal-noise threshold of the images, the total area presenting fluorescent signal was measured using ImageJ (NIH). Values reported correspond to the mean ± SE of values obtained from four samples for each experimental condition.
Analysis of F-actin levels at the plasma membrane in vivo
The levels of F-actin at the plasma membrane were evaluated in two experimental conditions. First, in cryosections from xenografts of either Hela-O3-v or Hela-O3- 
Statistical analysis
The statistical analysis was performed using Prism 5 (GraphPad Software, La Jolla, CA). For each experiment, the statistical tests were indicated in the result sections. 
Results
Rab25 is downregulated in head and neck squamous cell carcinoma
Genetic evidence supports the role of Rab25 in the development and progression of various cancers in human and mouse models including ovarian, breast and prostate cancers (20, 21, 23, 31, 32) . Recently, loss of Rab25 was reported to increase the incidence of colorectal carcinoma in mice (33) . Therefore, we performed immunohistochemistry on human HNSCC tissue arrays to determine whether Rab25 was abnormally expressed. In healthy individuals, we found that the staining intensity of Rab25 correlated with the degree of cell differentiation. Indeed, there is stronger immunoreaction of Rab25 in the upper mucosal layers (more differentiated cells, Fig.1 asterisk) than in the basal and suprabasal layers (less differentiated cells, Fig. 1,   arrowhead) . Moreover, we found that Rab25 expression was significantly lower in both advanced and metastatic tumors when compared to tissues from healthy individuals ( Fig   1A and 1B) . However, Rab25 expression was not significantly different among TNM stages. Moreover, we determined the expression of CLIC3, a protein linked to Rab25 in pancreatic cancer (32) . Surprisingly, we found high levels of CLIC3 expression in tumors and normal tissue regardless of the Rab25 expression ( Supplementary Fig. S1A ). These findings suggest that Rab25 may operate in HNSCC through a different mechanism from those proposed for other tumors. Finally, we found that Rab25 expression was downregulated in cervical cancer in a similar fashion to HNSCC tissues ( Supplementary   Fig. S1B ).
Research. 
Rab25 downregulation promotes cell invasion in a 3D microenvironment
In order to investigate the role of Rab25 downregulation in HNSCC, we screened a panel of human oral squamous carcinoma cell lines for Rab25 expression ( Fig. 2A) . All the tested cell lines expressed Rab25 at levels comparable to normal oral keratinocytes ( Fig. 2A) . Therefore, we engineered HN12 cells to stably expressed three different shRNAs targeting Rab25 (HN12-shRab25) or a scrambled shRNA (HN12-shScramb) as a control (Fig. 2B ). This cell line was chosen since it forms tumors in orthotopic models of oral cancer (28) . Downregulation of Rab25 did not affect either cell proliferation or motility when cultured on different substrates in 2D (data not shown). However, HN12-shRab25 invaded a three-dimensional collagen matrix in the presence of EGF, whereas HN12-shScramb and HN12 parental line did not (Fig. 2B) . To further characterize this finding, we screened additional human cancer cell lines for the expression of Rab25 ( Fig.   2A ). Among the cell lines that did not express Rab25, we selected HeLa-O3 cells, which are highly metastatic when injected into floor of the mouth of immunocompromised mice (this is a variant of HeLa adenocarcinoma cells formerly mistaken for an oral cancer cell line (OSCC3) (34) ). This cell line also expressed high EGFR level, which is commonly upregulated in HNSCC ( Fig. 2A) (35) . HeLa-O3 cells were engineered to stably express either Rab25 fused with the fluorescent protein Venus (HeLa-O3-vRab25) or Venus alone (HeLa-O3-v) (Fig. 2C) . Notably, we observed that HeLa-O3-v cells migrated through a 3D collagen matrix when stimulated by either serum or EGF without effecting cell proliferation, whereas HeLa-O3-vRab25 did not (Fig. 2C ). Rab25 and Rab11a share significant sequence homology with the exception of the c-terminal hypervariable region, which contains the targeting information for the Rab proteins (6, 9, 10 confirm that this effect is specific for Rab25, we constructed two chimeras fused with venus: one, in which the c-terminus of Rab25 was replaced with Rab11a c-terminus (vRab25-11), and the other, in which the c-terminus of Rab11a was replaced with Rab25 c-terminus (vRab11-25) (Fig. 2D) . Notably, cells expressing vRab11-25 (Hela-O3-vRab11-25) were impaired to migrate through the 3D collagen matrix, whereas cells expressing vRab25-11 (Hela-O3 v-Rab25-11) were not (Fig. 2D) . These results suggest that altering Rab25 expression is sufficient to change the invasive behavior of tumor cells in an in vitro 3D microenvironment.
Rab25 re-expression inhibits metastasis to cervical lymph nodes in a mouse model for oral cancer.
To assess whether Rab25 is involved in the development and progression of SCC in vivo, we used a previously established tumor xenograft model in which tumor cells are injected into the tongue of immunocompromised mice (36) . HN12 cells formed primary tumors but did not invade lymph nodes even after 60 days (Fig. 3A) . On the other hand, HeLa-O3 cells formed a visible tumor mass within 7-10 days (Fig 3B, upper panel) and invaded the cervical lymph nodes in more than 80% of the mice within 3 weeks (Fig 3B, lower panels). When these cells were injected into the flank of immunocompromised mice, tumor formation occurred but they did not invade or metastasize (data not shown).
Interestingly, other variants of HeLa cells did not metastasize when transplanted into the tongue (Fig. 3B) or in other areas, such as the flank or the cervix (data not shown).
Next, we transplanted HeLa-O3-vRab25 or HeLa-O3-v cells into the mouse tongue to investigate whether Rab25 has a role in the observed cervical lymph nodes 
metastasis. The expression of Venus or Venus-Rab25 did not affect the ability of HeLa-O3 cells to form primary tumors in the tongues of immunocompromised mice (Fig. 3C) .
Strikingly, the metastasis incidence in HeLa-O3-vRab25 tumors was significantly reduced compared to the incidence in HeLa-O3-v tumors (Fig. 3C) . This reduction was not due to differences in tumor growth (assessed by tumor weight and volume), cell proliferation (assessed by Ki67 staining) or apoptosis (assessed by cleaved caspase3 staining) (Supplementary Fig S2A, and S2C, respectively) . Moreover, the expression of Rab25 did not affect the formation of blood and lymphatic vessels, in contrast to a previous report in breast cancer ( Supplementary Fig S2B) (19) . The effects from Rab25 were specific, as shown by the transplantation of Hela-O3-vRab11-25 and Hela-O3-vRab25-11. Indeed, the expression of vRab11-25 reduced the metastatic incidence in the tongue xenograft tumor, whereas the expression of vRab25-11 recuperated the cervical metastasis incidence in nearly 50% of the mice (Fig. 3D) .
Unfortunately, we could not use HN12-shRab25 cells in vivo, since Rab25 protein expression returned back to its level after injection into the tongue in spite of stable expression of the shRNA (data not shown).
Next, we determined whether Rab25 would affect invasion and metastasis in vivo,
similar to what we observed in an in vitro 3D assay. To this aim, we used intravital microscopy, which enables imaging the dynamics of biological processes in live animals (37) . In addition to the other cell lines, we generated HN12 and HeLa-O3 cells stably expressing histone 2B fused with GFP (H2B-GFP) for a better visualization of the tumor mass. Moreover, we developed a tongue-holder device to image tumors daily and to minimize the motion artifacts from the heartbeat and respiration (Fig. 4A) . This approach Rab25 in head and neck cancer metastasis 21 has two main advantages: first, it does not require invasive surgical procedures, thus making possible to perform longitudinal studies, and second, it facilitates repeated imaging in the same area. We acquired images of primary tumors located 100-200 µm below the tongue surface by using a combination of two-photon microscopy and second harmonic generation (Fig. 4B, Supplementary Movie 1 and 2) . The tumors edges were imaged once a day for 15 to 25 consecutive days. Both the depth and the orientation of the tumors were determined by reference to collagen fibers (Fig. 4B) , which have a very slow turnover and their pattern is maintained over the monitoring period (38) (Fig. 5A, arrows). Interestingly, we observed the tumors expanding in size and individual cells departing from the tumor mass (Fig. 5A, arrowheads) . In order to catch the movement of these cells, the tumors edges were imaged by consecutive Z-scans at 5 minutes intervals (Fig. 5B) . Strikingly, we observed some cells moving away from the edges of the tumors at a speed of approximately 1-2 µm/min (Fig. 5B , arrowheads, and Supplementary Movie 3), whereas the majority of the cells did not migrate within the observation period. Later, these tumor cells were either found near or inside lymphatic vessels, as revealed by intraorgan injections of fluorescent dextran ( Fig. 5C and D) (39) . Later, tumor cells were either completely encapsulated once they reached and colonized the cervical lymph nodes (Fig. 5E ) or they scattered near large blood vessels (Fig. 5F ).
In order to determine whether expression of Rab25 directly affected the motility of the tumor cells in vivo, we co-injected HeLa-O3 cells stably expressing the red fluorescent protein RFP (HeLa-O3-RFP) with HeLa-O3-vRab25 and imaged the tumor edge either on a daily basis or at shorter intervals (every 5 minutes). Both cell lines were equally distributed in the tumor mass in the early stage (Fig. 6A) Rab25 in head and neck cancer metastasis 22 RFP cells migrated from the primary sites, which became enriched in HeLa-O3-vRab25 cells at later time points (Fig. 6B) . Moreover, we could not observe any HeLa-O3-vRab25 cells leave the primary site (data not shown). Consistent with this finding, HeLa-O3-RFP cells were the only cells that invaded the lymphatic system and metastasized to the cervical lymph nodes (Fig. 6C) .
Rab25 re-expression blocks the formation of actin-rich protrusive structures
As shown above, re-expression of Rab25 negatively regulates the ability of tumor cells to metastasize to the cervical lymph nodes in our mouse model of oral cancer. Our data also suggest that expression of Rab25 inhibits the motility of a subpopulation of tumor cells. To gain some insight on the machinery regulated by Rab25 we imaged both HeLa-O3-v and HeLa-O3-vRab25 tumors at higher resolution and faster acquisition speed. Rab25 was clearly localized in small and dynamic vesicles scattered in the cytoplasm, confirming that its expression did not elicit any toxic cellular effect (Fig. 7A,   Supplementary Movie 4) . Interestingly, HeLa-O3-v showed a series of dynamic cell protrusions that were not detected in HeLa-O3-vRab25 (Fig. 7A, Supplementary Movie   4) . Since the actin cytoskeleton has been implicated in the formation of various plasma membrane structures involved in cell migration (5), we investigated whether F-actin associated with these protrusions. Indeed, actin was enriched at the plasma membrane, particularly in the protrusions, in both 3D collagen matrix and live animals ( Fig. 7B and   7C, Supplementary movie 5) . Notably, cells expressing Rab25 had a substantial reduction in the levels of F-actin at the plasma membrane (Fig. 7B, 7C, 7D and 7E, Suppl. movie 5).
Moreover, we found that knocking down Rab25 in HN12 cells also resulted in the actin- (Fig. 7F) . Interestingly, modulations of Rab25 levels in both HeLa-O3 and HN12 cells did not change the arrangement of the cytoskeleton when cells were grown in twodimensional substrates suggesting that the 3D architecture and the tissue microenvironment play a fundamental role in this process (data not shown).
Discussion
Several evidences suggest that deregulation of molecules involved in endocytosis plays a fundamental role in human diseases including cancer. Indeed, endocytosis coordinates multiple steps that may affect cancer progression, such as receptor-mediated signaling from the plasma membrane, cell-to-cell contact, and cell motility (7) . Rab proteins are considered master regulators of endocytosis and often deregulated in various cancers. Among the Rab family members, Rab25 has been implicated in different cancers although its mechanism of action has been controversial. Indeed, both upregulation and downregulation of Rab25 have been associated with tumor growth, differentiation, and poor prognosis. Moreover, Rab25 has been involved in several cellular processes such as proliferation, apoptosis, angiogenesis, cell cycle, trafficking of adhesion molecules and cell migration (19-21, 31, 40-43) . In this study, we determine the role of Rab25 in HNSCC formation and metastasis. To this aim, we used a series of approaches, which include expression analysis of HNSCC patient tissues, analysis of cellular function in 3D These findings would favor a model in which Rab25 acts as a tumor suppressor, as suggested for other cancers (19, 22) . However, loss of Rab25 alone may not be sufficient to initiate tumorigenesis since Rab25 knockout mice do not develop any spontaneous tumors (33) . In addition, we detected high levels of CLIC3 expression in both normal and HNSCC tissues independent of Rab25 expression. This observation is in contrast to a report suggesting that CLIC3 and Rab25 synergistically drive tumor progression in pancreatic ductal adenocarcinoma (32) . Our data strongly suggests that Rab25 may operate in HNSCC differently from what was described for other cancers (19-21, 23, 31, 32, 40, 44, 45) . Indeed, we found that Rab25 downregulation promotes cell invasion and metastasis in HNSCC. The main evidence comes from an invasion assay in a 3D collagen matrix and in a tongue cancer mouse model. We used two cancer cell lines; HN12 (Rab25 levels comparable to normal oral keratinocytes) and Hela-O3 (expression of Rab25 below the detection levels) that were engineered to knockdown Rab25 or express fluorescently tagged Rab25, respectively. Both cell lines were chosen since they form aggressive tumors when implanted in the tongue or the floor of mouth in immunodeficient mouse (34, 36) . We found that alteration in Rab25 expression did not affect cell proliferation or apoptosis both in vitro and in vivo. However, cells lacking Rab25 migrated through 3D collagen matrix when stimulated by EGF or serum.
Consistent with this finding, HeLa-O3 cells metastasized to cervical lymph nodes when
transplanted in the tongue or in floor of mouth (34) , whereas other HeLa variants, which lacked both Rab25 and EGFR, did not. This observation suggests a possible link between Rab25 and EGFR signaling in cell migration and metastasis. Moreover, we ruled out the roles of Rab25, in tumor growth or vascular angiogenesis regulation, as reported in breast cancer (19, 42) .
To gain further insight on how Rab25 regulate invasion and metastasis in vivo, we used intravital microscopy. We observed that a subpopulation of cells lacking Rab25 migrated from the tumor mass, whereas Rab25-expressing cells were confined to the primary site. Consistent with this observation, only Rab25-depleted cells reached lymphatic vessels, intravasated, and spread to the distal lymph nodes. These observations suggest that tumor invasion occurs through single-cell rather than collective migration in this model (46) and this process is facilitated by the lack of Rab25. Finally, we observed that re-expression of Rab25 induced significant changes in cell shape. During cell migration, the actin cytoskeleton is rearranged at the cell surface and forms a series of structures such as invadopodia, podosomes, lamellipodia and ruffles that interact with the extracellular matrix components (46) . Both in vivo and in a 3D matrix, cells lacking Rab25 displayed actin-rich protrusions, which has similar morphology to invadopodia (47, 48) . Rab25 expression significantly reduced the number of actin-rich structures and the overall levels of F-actin at the plasma membrane, suggesting a possible involvement in actin dynamics regulation. Moreover, we found that the invasion of tumor cells in a 3D collagen assay is significantly inhibited by the pharmacological disruption of the actin cytoskeleton. Thus, we can hypothesize that Rab25 may regulate trafficking of molecules that negatively regulate actin assembly (e.g. signaling molecules, integrin, or cholesterol- Rab25 in head and neck cancer metastasis 26 rich membranes) (5, 47, 48) , although we cannot rule out other mechanisms. This idea is supported by the role of FIP3, a protein that simultaneously interacts with the small GTPase Arf6 and Rab25/Rab11, which controls the motility of breast cancer cells by regulating Rac1 and actin dynamics (49) . Based on the fact that Rab25 is localized in intracellular vesicles and that Rab25 has been implicated in endosomal recycling (50), we speculated that the lack of Rab25 might prevent these actin regulators from reaching the plasma membrane and divert them to degradation pathway. Indeed, a similar mechanism has been suggested in breast and pancreatic cancer (6, 32) . However, in these models, overexpression of Rab25 enhanced cell migration and invasion by increasing the recycling of integrin β1 from a late endosomal compartment to the plasma membrane (6, 32) . These differences in the modality of action of Rab25 may be explained by the fact that the trafficking of molecules involved in migration may occur through different pathways in which Rab25 may interact with a completely different set of molecules.
In conclusion, we have shown that the downregulation of Rab25 plays a significant role in HNSCC and suggested that Rab25 may regulate tumor invasion and metastasis through actin remodeling at the plasma membrane. We believe that identification of the molecules interacting with Rab25 and elucidation of the molecular machinery underlying its action may provide new strategies to prevent metastasis in oral cancer patients.
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